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816Background: Patients undergoing emergency coronary artery bypass grafting represent a unique and high-risk
population that remains challenging for cardiac surgeons. We examined the changing trends in patients under-
going emergency bypass grafting over the past 20 years.
Methods: We conducted a retrospective review of our database between 1990 and 2009 and patients were
divided into 2 groups based on year of operation: 1990–1999, n ¼ 393; 2000–2009, n ¼ 184. The primary
outcomes of interest for this study are operative mortality and incidence of low cardiac output syndrome.
Results: The percentage of patients undergoing emergency coronary bypass grafting has decreased from 2.7%
to 1.7% over time. The percentage of patients with dyslipidemia, hypertension, triple vessel disease, peripheral
vascular disease, and left main disease increased over time (P<.05). Operative mortality remained at 8.1% in
both year groups. Preoperative hypertension, congestive heart failure, left ventricular ejection fraction less than
20%, and previous cardiac surgery independently predicted operative mortality by logistic regression analysis.
Low cardiac output syndrome developed in 25% of the patient population undergoing emergency bypass graft-
ing. The independent predictors of low cardiac output syndrome were small body surface area, congestive heart
failure, shock, myocardial infarction, earlier decade (1990–1999) and increased age.
Conclusions:Despite a changing preoperative risk profile, the operative mortality of emergency coronary artery
bypass grafting has remained stable over the years. However, mortality remains significantly above the observed
mortality in elective bypass grafting. Continued improvements in the management of heart failure and the care of
the elderly will likely result in reduced risks of emergency coronary artery bypass grafting. (J Thorac Cardiovasc
Surg 2011;142:816-22)Patients undergoing emergency coronary artery bypass
grafting (CABG) represent a unique and high-risk popula-
tion that remains challenging for cardiac surgeons. Since
the introduction of percutaneous coronary intervention
(PCI), volumes of emergency CABG have started to de-
crease as many programs implement primary PCI for the
treatment of acute coronary syndromes. It is not clear how
this paradigm shift has altered the risk profile of patients re-
ferred for emergency CABG. It is probable that periopera-
tive morbidity and mortality are higher in patients
undergoing emergency CABG after failed PCI. We exam-
ined the changing trends in the preoperative risk profiles,
postoperative outcomes, and hospital resource use in pa-
tients undergoing emergency CABG over the past 20 years.
METHODS
The study population included all patients who underwent emergency
CABG between 1990 and December 2009 at the Toronto General Hospital.e Division of Cardiovascular Surgery, PeterMunk Cardiac Center, University
h Network, University of Toronto, Toronto, Ontario, Canada.
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The Journal of Thoracic and Cardiovascular SurgEmergency CABG is defined as surgery within 12 hours from the event
resulting in hospitalization. The reasons for emergency surgery are either
anatomic (critical left main stenosis) or unstable symptoms after catheter-
ization. Patients who have recurrent angina after catheterization are usually
admitted to the cardiac care unit and referred for urgent surgery (within 48
hours). The present analysis is restricted to emergency interventions
(within 12 hours of an event) and thus includes patients with ostial left
main lesions, a PCI complication (eg, coronary dissection or perforation,
acute stent thrombosis), or unstable symptoms (hypotension, dynamic elec-
trocardiographic changes, or arrhythmias). Unfortunately, our database
does not capture the exact reason for emergency surgery apart from captur-
ing preoperative PCI. All patient data were entered prospectively into an
institutional database by a trained database management group. Preopera-
tive, intraoperative, and postoperative data were collected on standard
variables. The details of this database have been published previously.1-3
To examine the effect of time, we divided patients into 2 groups on the
basis of year of operation: 1990–1999 and 2000–2009. The preoperative
risk profile, intraoperative data, and postoperative outcomes of the study
population are compared with those of patients receiving nonemergency
surgery in each decade. Nonemergency operations include all the elective,
same-day hospitalization, and urgent procedures.
The primary outcomes of interest for this study are operative mortality
and incidence of low cardiac output syndrome (LCOS). Operative mortal-
ity is defined as any postoperative death occurring within the index hospital
admission or within 30 days of surgery. LCOS was diagnosed if the patient
required an intra-aortic balloon pump to be weaned from cardiopulmonary
bypass or in the intensive care unit (ICU) because of hemodynamic
compromise. LCOS was also diagnosed if the patient required inotropic
medication (dopamine, dobutamine, milnirone, or epinephrine) to maintain
the systolic blood pressure of 90 mm Hg and the cardiac output
2.2 L $ min1 $ m2 for 30 minutes in the ICU after correction of all of
the electrolyte and blood gas abnormalities and after adjusting the preload
to its optimal value. Afterload reduction was also attempted when possible.ery c October 2011
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CHF ¼ congestive heart failure
ICU ¼ intensive care unit
LCOS ¼ low cardiac output syndrome
LVEF ¼ left ventricular ejection fraction
MI ¼ myocardial infarction
PCI ¼ percutaneous coronary intervention
STS ¼ Society of Thoracic Surgeons
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DPatients who received 4 mg/kg of dopamine to increase renal perfusion
were not considered to have LCOS. Patients who received vasoconstricting
medications because of a high cardiac output (2.5 L $min1 $m2) and low
peripheral resistance were also not considered to have LCOS. In patients
who received an intra-aortic balloon pump before surgery, LCOS was de-
termined if, in addition to balloon pump support, they required significant
postoperative inotropic support as described earlier.
Hospital resource use is defined by 3 different variables: length of time
supported by mechanical ventilation before postoperative tracheal extuba-
tion, duration of stay in the ICU, and postoperative length of stay.STATISTICAL ANALYSIS
All statistical analyses were conducted with SAS 9.1
software (SAS Institute, Inc, Cary, NC).4 Categorical vari-
ables were analyzed using the c2 test and are expressed as
percentages. Continuous variables were analyzed by the
Student t test or Wilcoxon rank sum test and are reported
as mean standard deviation or median where appropriate.
Multivariable logistic regression techniques were used to
determine independent predictors and to calculate factor-
adjusted odds ratios of operative mortality and LCOS.
Model discrimination was evaluated by the area under
receiver-operator characteristic curve and model calibration
was assessed with the Hosmer–Lemeshow goodness-of-fit
statistic.5-7RESULTS
To examine outcomes over time, we divided patients into
2 groups on the basis of year of operation (1990–1999 and
2000–2009). The percentage of patients having emergency
CABG in the overall CABG population was 2.7% in 1990–
1999 and 1.7% in 2000–2009. The percentage of patients
who underwent emergency CABG gradually decreased
over the years as shown in Figure 1.
The changing preoperative risk profile of patients in the 2
decades of study is shown in Table 1. Patients who received
emergency surgery are compared with those receiving non-
emergency surgery and the comparisons are stratified by de-
cade. Also, comparisons are made between patients
receiving emergency surgery in each decade, and the corre-
sponding P value is provided in the last column of the table.The Journal of Thoracic and CaIn the first decade, the mean age of the patients ranged be-
tween 62 and 63 years. Patients in the emergency group
were 31% female and had a higher incidence of poor left
ventricular ejection fraction (LVEF), acute coronary insuf-
ficiency, myocardial infarction (MI), congestive heart fail-
ure (CHF), renal failure, shock, syncope, and left main
disease. Those requiring emergency surgery also had
a higher prevalence of previous angioplasty and CABG. Pa-
tients in the nonemergency group were 20% female and had
a higher incidence of dyslipidemia and triple vessel disease.
In the second decade of study, the mean age of patients
ranged from 64 to 65 years. Patients in the emergency group
were 35% female and had higher incidence of poor LVEF,
acute coronary insufficiency, CHF, MI, shock, and left main
disease. They also had a higher prevalence of previous an-
gioplasty, but not previous CABG. Patients in the nonemer-
gency group were 21% female and had a higher incidence
of dyslipidemia, diabetes, and triple vessel disease.
The mean age of patients in the emergency group in-
creased from 62 years in the first decade of the study to
64 years in the second decade. Similarly, the prevalence
of triple vessel disease, left main disease, peripheral vascu-
lar disease, and percentage of patients with dyslipidemia
and hypertension increased from the earlier to the recent de-
cade. Approximately 60% of patients had a family history
of heart disease in the earlier decade and only 40% had
a family history between 2000 and 2009. Over the 2 time
groups, no significant differences were observed in preoper-
ative diabetes, CHF, shock, MI, stroke, or LVEF. The
percentage of patients with previous angioplasty and previ-
ous thrombolysis decreased over the years. Similarly, the
prevalence of chronic obstructive pulmonary disease and re-
nal failure also decreased. The proportion of women who
underwent CABG was similar over the 2 decades, as shown
in Table 1.
Three hundred seventy-seven (65%) patients in our
emergency population had no prior PCI and 200 (35%)
had prior PCI. Among the 200 patients, 165 had PCI less
than 30 days before surgery and the remaining 35 patients
had PCI at various times before CABG ranging from 1 to
144 months. The percentage of previous PCI in patients un-
dergoing emergency CABG was 38% and 28%, respec-
tively, over the 2 year groups. However, the percentage of
CABG patients undergoing emergency surgery after failed
PCI was 32% in the first cohort and 21% in the second
cohort.
Intraoperative details for the study population are listed
in Table 2. Duration of cardiopulmonary bypass, cross-
clamp time, and use of the left internal thoracic artery are
higher in the nonemergency population in both decades.
In the emergency population, use of the left and right inter-
nal thoracic arteries did not change significantly over the
years. The total number of grafts per patient was similar
in the 2 time periods. The average crossclamp timerdiovascular Surgery c Volume 142, Number 4 817
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FIGURE 1. Prevalence of Emergent CABG.
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Dincreased slightly in the recent decade; however, the mean
duration of cardiopulmonary bypass time did not change
over time. Off-pump surgical revascularization was intro-
duced in the more recent decade but accounted for only
10% of the population.
Hospital resource use in terms of hours on ventilator, ICU
length of stay, and hospital length of stay were lower in the
nonemergency population than in the emergency popula-
tion (Table 3) In the emergency population, mean ventila-
tion time and ICU stay increased over time. However, the
difference was not statistically significant. In both cohorts
the data on ventilator hours and ICU stay are skewed to
the right, more highly in the second cohort than in the first
cohort. Median time on ventilator was 24 and 16 hours, re-
spectively, and median ICU length of stay was 49 and 61
hours, respectively. Average hospital stay decreased slightly
from 11.4 days in the first cohort to 11 days in the second
cohort. Median postoperative length of stay was 8 and 7
days, respectively.
The distribution of postoperative outcomes is listed in
Table 3. The nonemergency population had lower use of
inotropes and lower incidence of postoperative MI, renal
failure, and pulmonary complications in both decades of
study. However, incidence of sternal wound infection was
lower in the first decade, and incidence of postoperative
stroke and sepsis was lower in the second decade. In the
emergency population, use of inotropes has increased over
the years. Pulmonary and septic complications were also
on the rise in the recent cohort as was the incidence of post-
operative stroke.
The overall operative mortality in the emergency popula-
tion was 8.1%, whereas the overall operative mortality in
the nonemergency population was 1.6%. Operative mortal-
ity was similar in the emergency population in both decades
at 8.1%. However, operative mortality of our nonemer-
gency population has gone down significantly from 1.9%
in 1990–1999 to 1.1% in 2000–2009. The cause of death818 The Journal of Thoracic and Cardiovascular Surgwas not specified in 12 patients, while 20 patients died
of acute cardiogenic shock secondary to postoperative
LCOS. An additional 6 patients died of overwhelming sep-
sis and 6 patients died of progressive multiorgan failure.
One patient positive for heparin-induced thrombocytopenia
died of intractable bleeding owing to the use of ancrod for
cardiopulmonary bypass.
Multivariable logistic regression analysis of the 577 pa-
tients in the emergency groupwho underwent operation dur-
ing the period of the study showed that hypertension, CHF,
LVEF less than 20%, and previous heart surgery indepen-
dently identified mortality (Table 4). The univariate
operativemortality in patients with or without the aforemen-
tioned risk factors is as follows: hypertension, 11.4% versus
3.7%; P<.01; CHF, 18.9% versus 4.3%; P<.0001; LVEF
less than 20%: 29.1% versus 5.8%;P<.0001; previous sur-
gery: 18.2% versus 7.3%; P ¼ .01. The model for logistic
regression has a receiver-operator characteristic of
0.78 and a Hosmer–Lemeshow goodness-of-fit probability
value of 0.89, indicating excellent model discrimination
and calibration.
The overall incidence of LCOS was 5.3% in the non-
emergency population: 6.9% in 1990–1999 versus 3.1%
in 2000–2009. However, 25% of the patient population un-
dergoing emergency CABG had LCOS; 26.5% in 1990–
1999 versus 18.6% in 2000–2009. Operative mortality in
the patients with emergency surgery who had LCOS was
25.4% compared with 2.5% in patients who did not have
LCOS. The logistic regression model for LCOS identified
smaller body surface area, CHF, shock, MI, previous de-
cade, and increased age as significant independent variables
that influence LCOS. The corresponding odds ratios and
P values for the significant variables associated with
LCOS are provided in Table 5. The model has an area under
the curve of 0.74 and Hosmer–Lemeshow goodness-of-fit
P value of .67.
DISCUSSION
Timing of CABG has been widely reported as one of the
most important predictors of in-hospital mortality.8-10 A
previous report published by our group11 reviewed 18,000
patients and identified emergency CABG as one of the
most important predictors of in-hospital mortality. Emer-
gency CABG came out as a predictor in all 3 year groups
we studied and the odds ratios associated with in-hospital
mortality increased from 4 to 19 over the years. As an active
teaching hospital that performs a significantly high volume
of CABG operations each year, we were interested to doc-
ument trends in preoperative risk profile, postoperative out-
comes, and predictors of in-hospital mortality and LCOS in
patients undergoing emergency CABG.
The percentage of patients undergoing emergency
CABG decreased over the years and varied between 4.8%
in 1990 to 2.6% in 2009. The decline in numbers over theery c October 2011
TABLE 1. Distribution of preoperative variables
Variable N (%) or
mean ± SD
1990–1999
(emerg)
1990–1999
(nonemerg) P value
2000–2009
emerg
2000–2009
(nonemerg)
P
value
P value comparing
emerg populations
No. of patients 393 14,374 184 10,395 —
Age (y) 62  11 63  10 .15 64  12 65  10 .18 .03
Body surface area (m2) 1.88  0.2 1.92  0.2 .002 1.87  0.2 1.92  0.2 .002 .54
Female 123 (31.3) 3012 (21) <.001 64 (34.8) 2153 (20.7) <.001 .4
Hypertension 209 (54.2) 7482 (52.1) .4 116 (63) 7158 (68.9) .09 .04
Dyslipidemia 195 (52.1) 8566 (60.2) .002 135 (74.2) 8904 (85.8) <.001 <.0001
Diabetes mellitus 99 (25.5) 3729 (26) .84 42 (22.8) 3698 (35.6) <.001 .48
Family history of heart disease 217 (58) 9213 (65) .009 78 (42.8) 6227 (60.3) <.001 <.001
LVEF <.001 <.001 .001
>60% 100 (25.6) 4537 (31.6) 76 (41.8) 4719 (45.4)
40%–60% 163 (41.8) 6441 (45) 57 (31.3) 3687 (35.5)
20%–39% 88 (22.6) 2978 (20.8) 33 (18.1) 1780 (17.1)
<0% 39 (10.0) 397 (2.8) 16 (8.8) 198 (1.9)
NYHA class <.001 <.001 .46
I or II or III 20 (5.1) 7241 (50.4) 12 (6.6) 5455 (53.8)
IV 373 (94.9) 7133 (49.6) 170 (93.4) 4688 (46.2)
Preoperative location <.001 <.001 .23
Coronary care unit 250 (65.3) 1576 (11.1) 133 (72.3) 964 (9.3)
Catheterization laboratory 106 (27.7) 7 (0.05) 42 (22.8) 1 (0.01)
Other 27 (7.1) 12657 (88.9) 9 (4.9) 9427 (90.7)
Triple vessel disease 221 (56.2) 10689 (74.4) <.001 129 (70.1) 8427 (81.1) <.001 .001
No. of diseased vessels 2.4  0.72 2.7  0.5 <.001 2.6  0.65 2.8  0.46 <.001 .003
Angina <.001 <.001 .35
Stable or crescendo 72 (18.5) 9970 (69.4) 40 (21.9) 7986 (76.9)
Acute coronary insufficiency 317 (81.5) 4392 (30.6) 143 (78.1) 2399 (23.1)
CHF 109 (27.9) 1163 (8.1) <.001 44 (23.9) 1023 (9.8) <.001 .32
Atrial fibrillation 3 (0.76) 185 (1.3) .36 2 (1.1) 247 (2.4) .25 .65
Peripheral vascular disease 60 (15.6) 2099 (14.7) .59 43 (23.4) 2016 (19.4) .18 .03
COPD 50 (12.7) 1768 (12.3) .8 3 (1.6) 454 (4.4) .07 <.0001
Myocardial infarction 218 (55.9) 2498 (17.4) <.001 104 (56.5) 2281 (21.9) <.001 .88
Stroke 36 (9.3) 1219 (8.5) .6 14 (7.6) 935 (9.0) .5 .5
Renal failure 24 (6.1) 419 (2.9) <.001 0 142 (1.4) .11 <.001
Shock 81 (20.7) 96 (0.7) <.001 37 (20.1) 93 (0.89) <.001 .86
Syncope 17 (4.3) 252 (1.8) <.001 7 (3.8) 223 (2.2) .12 .77
Left main disease 101(25.7) 2598 (18.1) <.001 123 (66.9) 2987 (28.7) <.001 <.0001
Previous angioplasty 148 (37.7) 1281 (8.9) <.001 52 (28.3) 983 (9.5) <.001 .03
Previous thrombolysis 68 (18.3) 1327 (9.5) <.001 17 (9.2) 550 (5.3) .02 .005
Previous CABG 35 (8.9) 849 (5.9) .01 6 (3.3) 313 (3.0) .8 .01
Previous heart surgery 35 (8.9) 883 (6.1) .02 9 (4.9) 338 (3.3) .2 .09
SD, Standard devation; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; CABG, coronary artery bypass grafting.
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Dyears is attributed in great part to the emergence of PCI. A
multitude of information is available on outcomes of pa-
tients undergoing emergency CABG after failed PCI. Mul-
tivariable predictors of hospital mortality in the failed PCI
group are slightly different from those observed in our pa-
tient population.12,13 Perhaps this may be due to
differences in patient risk profile presenting to surgery
after failed PCI. Boylan and colleagues14 suggest that death
from CABG after failed PCI is related more to the incidence
of cardiogenic shock and hemodynamic instability after un-
successful PCI than it is to the risk factors present before
PCI. However, information on patients undergoing emer-The Journal of Thoracic and Cagency CABG without prior PCI is sparse to the best of
our knowledge, especially in the most recent era when
primary PCI for acute coronary syndromes is the standard
of care. Presumably, CABG in these patients was indicated
owing to critical coronary anatomy not suitable for PCI.
Previous reports from our group1,11 have suggested that
operative risk for urgent surgery is related more to
symptom status than to anatomic criteria.
As anticipated, the risk profile of patients has constantly
changed over the years. The mean age increased from 62 to
64 years. Similarly, the prevalence of triple vessel disease,
left main disease, peripheral vascular disease, dyslipidemia,rdiovascular Surgery c Volume 142, Number 4 819
TABLE 2. Distribution of intraoperative variables
Variable
N (%) or mean ± SD
1990–1999
(emerg)
1990–1999
(nonemerg) P value
2000–2009
(emerg)
2000–2009
(nonemerg) P value
P value comparing
emerg populations
No of patients 393 14,374 184 10,395
Duration of CPB (min) 82  32 86  28 .02 83  27 90.5  25 <.001 .99
Duration of XCL (min) 54  19 62  19 <.001 57  20 68.8  21 <.001 .04
Use of LITA 221 (56.2) 12,559 (87.4) <.001 107 (58.2) 9396 (90.4) <.001 .6
Use of RITA 8 (2.0) 412 (2.9) .3 1 (0.54) 825 (7.9) <.001 .2
Off-pump surgery – 254 (1.8) .03 19 (10.3) 766 (7.4) .13 —
No. of arteries bypassed 3.2  10 3.6  0.91 <.001 3.1  0.9 3.5  0.89 <.001 .9
SD, Standard deviation; CPB, cardiopulmonary bypass; XCL, aortic crossclamp; LITA, left internal thoracic artery; RITA, right internal thoracic artery.
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Dand hypertension gradually increased from the earliest to
the most recent cohort. This is in agreement with previously
published reports.8-11,15 However, the proportion of women
who underwent emergency CABG was similar over the 2
year groups.
In-hospital mortality of our emergency patient population
has remained constant at 8.1% in both year groups.We have
a total of 47 deaths among 577 patients. Our numbers are in
accordance with the reported operative mortality of emer-
gency patients in the Society of Thoracic Surgeons (STS)
database. Recently, Shahian and coworkers13 published car-
diac surgery riskmodels using 774,881 CABGpatients from
the STS database, and among them 34,513 patients under-
went emergency CABG. The operative mortality in this co-
hort was also 8.1%. Operative mortality has not changed
over time despite the changing preoperative risk profile of
patients. However, the operative mortality of our nonemer-
gency patient population has gone down significantly from
1.9% in the earlier era to 1.1% in the recent era.TABLE 3. Distribution of postoperative outcomes
Variable
N (%) or mean ± SD
1990–1999
(emerg)
1990–1999
(nonemerg)
P
value
No. of patients 393 14374
Mortality 32 (8.14) 275 (1.9) <.001
LCOS 104 (26.5) 986 (6.9) <.001
IABP <.001
None 146 (37.1) 13435 (93.5)
Preoperative 218 (55.5) 296 (2.1)
Postoperative 29 (7.4) 642 (4.5)
Use of inotropes 224 (57) 4366 (30.4) <.001
Myocardial infarction 19 (4.8) 394 (2.8) .01
Stroke 3 (0.76) 210 (1.5) .25
Renal failure 8 (2.0) 126 (0.88) .02
Sternal wound infection 19 (4.8) 377 (2.6) .007
Sepsis 5 (1.3) 96 (0.7) .2
Reoperation for bleeding 8 (2.0) 240 (1.7) .6
Pulmonary complications 44 (11.2) 1248 (8.7) .08
Insertion of pacemaker 4 (10) 105 (0.73) .5
Hours on ventilator 36.8  60.3 19.1  56.5 <.001
ICU length of stay (h) 80.2  85 48.5  86 <.001
Hospital length of stay (d) 11.4  12.3 8.8  9.1 <.001
SD, Standard deviation; LCOS, low cardiac output syndrome; IABP, intra-aortic balloon p
820 The Journal of Thoracic and Cardiovascular SurgOperative mortality in our emergency female population
was slightly higher (10.2%) than that of the male popula-
tion (7.2%), but the difference did not achieve statistical
significance. This finding is consistent with previously re-
ported data from the STS database that operative mortality
is not significantly different between male and female
genders in high-risk patients undergoing CABG.16
The independent predictors of operative mortality in this
group of 577 patients are hypertension, previous CABG,
LVEF less than 20%, and CHF. These variables are similar
to some of the variables identified by our group in an
elective CABG population.11
Hypertension
Approximately 56% of the population had preoperative
hypertension, and the operative mortality in that group
was 11.4% as opposed to 3.7% in patients without hyper-
tension. The percentage of patients with hypertension in-
creased from the first to the second decade, whereas the2000–2009
(emerg)
2000–2009
(nonemerg)
P
value
P value comparing
emerg populations
184 10,395
15 (8.15) 113 (1.1) <.001 .99
34 (18.6) 325 (3.1) <.001 .04
<.001 .15
71 (38.6) 9935 (95.6)
107 (58.2) 220 (2.1)
6 (3.2) 240 (2.3)
128 (70) 3975 (38.3) <.001 <.01
9 (4.9) 258 (2.5) .04 .9
7 (3.8) 98 (0.94) <.001 <.01
10 (5.5) 101 (0.99) <.001 .03
4 (2.2) 206 (1.9) .8 .1
10 (5.4) 141 (1.4) <.001 <.01
8 (4.4) 272 (2.6) .15 .1
43 (23.4) 854 (8.2) <.001 <.001
11 (6) 159 (1.5) <.001 <.001
62  137 16.1  55.7 <.001 .7
112  171 51.5  109 <.001 .7
11  12.5 7.9  9.0 <.001 .04
ump; ICU, intensive care unit.
ery c October 2011
TABLE 4. Multivariable predictors of operative mortality
Variable
Regression
coefficient ± SE
Odds
ratio 95% CI
P
value
Hypertension 1.3  0.42 3.5 1.6–8.0 <.01
Congestive heart failure 1.1  0.47 3.3 1.5–6.9 <.01
LVEF<20% 1.2  0.42 3.1 1.4–7.2 <.01
Previous heart surgery 1.2  0.38 3.0 1.2–7.7 .02
SE, Standard error; CI, confidence interval; LVEF, left ventricular ejection fraction.
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We had previously identified hypertension as a risk factor in
our elective CABG population.11 We hypothesize that hy-
pertension results in myocardial hypertrophy and thus
may lead to inadequate perioperative myocardial protec-
tion. Second, hypertension is associated with diastolic dys-
function, and in those patients undergoing emergency
surgery for acute myocardial ischemia, the combination
of systolic and diastolic dysfunction may prove lethal.
Reoperative CABG
Seven percent of the patient population underwent previ-
ous CABG, and the operative mortality in this group was
18.2% compared with 7.3% in patients undergoing first-
time surgery. The number of patients undergoing reopera-
tion declined over the years from 8.9% in the first cohort
to 3.3% in the last cohort. Operativemortality in emergency
redo CABG also has a decreasing trend over the year
groups: 20% versus 16.6%. A similar trend was observed
in our elective population over the years as reported previ-
ously.11 The decline in reoperations is also likely due to
a more aggressive PCI strategy in patients with recurrent
coronary artery disease after surgical revascularization.
Twenty-nine percent of the patients underwent unsuc-
cessful PCI. Although statistically not significant, the oper-
ative mortality in the failed PCI group is slightly lower than
in patients who did not have prior PCI (6.1% vs 8.9%). This
may be attributed to the fact that patients who had previous
PCI are younger (mean age: 58 vs 64 years, respectively;
P< .01) and had fewer comorbidities than patients who
did not have any intervention. Our operative mortality out-
comes in the failed PCI group are on par with outcomesTABLE 5. Multivariable predictors of low cardiac output syndrome
Variable
Regression
coefficient ± SE
Odds
ratio 95% CI
P
value
Smaller BSA –1.5  0.54 4.5 1.6–12.9 <.01
CHF 0.79  0.26 2.2 1.3–3.7 <.01
Shock 0.69  0.28 1.99 1.2–3.4 .01
Preop MI 0.68  0.24 1.98 1.2–3.2 <.01
1990-1999 vs
2000–2009
0.51  0.24 1.7 1.04–2.7 .03
Increased age by 10 y 0.02  0.01 1.24 1.01–1.52 .04
SE, Standard error; CI, confidence interval; BSA, body surface area; CHF, congestive
heart failure; MI, myocardial infarction.
The Journal of Thoracic and Capublished by Haan and associates12 from the STS database
in patients undergoing emergency CABG after failed PCI.
Fourteen of 577 patients underwent both PCI and previous
CABG and 4 died among them.
LVEF
Poor LVEF was identified as one of the most important
risk factors of operative mortality in CABG patients as
seen in various published reports.8,10,13 Patients with poor
LVEF represented 9.5% of our patient population, and the
operative mortality in this group was 29.1%. The number
of patients with poor LVEF slightly decreased over the
years from 10% to 8.8%. Similarly, operative mortality
also slightly decreased from 31% to 25% in patients with
poor LVEF. Unfortunately, our database does not capture
left ventricular size or viability assessments. Thus, it is
impossible to determine whether patients with poor
preoperative left ventricular function had a stunned or
hibernating myocardium versus those with an acute event
in the setting of an established ischemic cardiomyopathy.
CHF
Similar to poor LVEF, CHF has been reported as one of
the major predictors of operative mortality in patients re-
quiring CABG.9,13 CHF was present in 25% to 30% of
the patient population, and the operative mortality in this
group is 18.9% compared with 4.3% in patients without
CHF (P<.001).
Another outcome of interest in this study is the develop-
ment of LCOS. Compared with operative mortality, LCOS
is a more sensitive indicator of poor myocardial perfor-
mance and has been associated with increased mortality
and resource use.1-3 The prevalence of LCOS decreased
from 26.5% to 18.6% over the years. However, the
corresponding operative mortality increased from 22.1%
to 35.3%. Operative mortality in patients who had LCOS
was 25.4% compared with 2.5% in patients who did not
have LCOS. The independent predictors of LCOS are
smaller body surface area, CHF, shock, MI, previous
decade, and increased age.
Limitations
Our study is limited by the fact that it is retrospective in
nature and reflects the experience of a single institution.
Also, our outcomes are limited to in-hospital events, and
follow-up outcomes on long-term survival are not available.
CONCLUSIONS
Although emergency CABG is viewed as a life-saving
procedure, it continues to carry a high risk for morbidity
and mortality, especially in patients with specific preopera-
tive comorbidities. Despite a changing preoperative risk
profile, the operative mortality of our emergency CABG
has remained stable over the years. Continuedrdiovascular Surgery c Volume 142, Number 4 821
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Dimprovements in the management of poor left ventricular
function, heart failure, and the care of the elderly will likely
result in reduced risks of emergency CABG.
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